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(57) ABSTRACT 

The present embodiments provide methods and apparatuses 
for use in searching and/or retrieving video data. Some 
embodiments provide method for use in searching video 
data, that extract a spatiotemporal representation of at least 
a portion of a query sequence of video data, produce a query 
slice image from the spatiotemporal representation of the at 
least the portion of the query sequence, extract a spatiotem 
poral representation of at least a portion of candidate video 
data, produce a candidate slice image from the spatiotem 
poral representation of the at least the portion of the candi 
date video data, and determine When the query slice image 
matches at least a portion of the candidate slice image. In 
some embodiments, an apparatus is provided for use With 
video data. The apparatus comprises a memory storing 
candidate video data and a query sequence, a slice generator 
and a two-dimensional image generator. 

21 Claims, 14 Drawing Sheets 
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METHOD AND APPARATUS FOR USE IN 
VIDEO SEARCHING 

FIELD OF THE INVENTION 

The present invention relates generally to accessing video 
data and more speci?cally searching video data. 

BACKGROUND 

There are many reasons and bene?ts for searching video 
content. For example, by searching video content, de?ned 
content can be identi?ed, retrieved, skipped, edited, elimi 
nated, and alloWs other functions to be performed With the 
identi?ed data. Similarly, the commercial and private appli 
cations for searching video content are numerous. 

The amount of data associated With video data is typically 
very large. For example, a frame of video data can contain 
about 2 Mbytes of data or more. A video often has as many 
as 30 frames or more per second of play time. This amount 
of data rapidly becomes extremely large. With such large 
amounts of data, searching becomes extremely computa 
tionally expensive, often sloW, and typically not imple 
mented in real time. 
Some search techniques suggest Ways of reducing the data 

and searching less than all of the data. These techniques, 
hoWever, often result in inaccurate results. Further, the 
selection of Which content to search can often by subjective, 
further resulting in inconsistent results. Therefore, many of 
these techniques fail to provide accurate and consistent 
results. 

SUMMARY OF THE EMBODIMENT 

The present invention advantageously addresses the needs 
above as Well as other needs through the provision of the 
method, apparatus, and system for use in searching video, 
multimedia and other content and/or data. In some embodi 
ments, a method is provided that extracts a spatiotemporal 
representation of at least a portion of a query sequence of 
video data, and produces a query slice image from the 
spatiotemporal representation of the at least the portion of 
the query sequence. The method further extracts a spa 
tiotemporal representation of at least a portion of candidate 
video data, and produces a candidate slice image from the 
spatiotemporal representation of the at least the portion of 
the candidate video data. These images are utiliZed by the 
method to determine When the query slice image matches at 
least a portion of the candidate slice image. 
Some embodiments provide a method for use in searching 

video data. This method extracts a query slice of query data 
from each of a plurality of frames of a query sequence of 
video data, and generates a tWo-dimensional query slice 
image from the extracted query slice data. A candidate slice 
of candidate data is further extracted from each of a plurality 
of frames of a candidate sequence of video data, and a 
tWo-dimensional candidate slice image is generated from the 
extracted candidate data. The method then compares the 
query slice image and the candidate slice image. 
An apparatus for use With video data is provided in some 

embodiments. The apparatus includes a memory that stores 
candidate video data comprising a plurality of frames, and a 
query sequence comprising a plurality of frames. A slice 
generator is further provided coupled With the memory to 
retrieve at least a portion of the candidate video data and the 
query sequence. The slice generator extracts a candidate 
slice of candidate data from a plurality of the frames of the 
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2 
candidate video data, and further extracts a query slice of 
candidate date from a plurality of the frames of the query 
sequence. A tWo-dimensional image generator is further 
included in the apparatus and coupled to receive the candi 
date slices and the query slices, and generates a candidate 
slice image and a query slice image. 
A better understanding of the features and advantages of 

the present invention Will be obtained by reference to the 
folloWing detailed description of the invention and accom 
panying draWings Which set forth an illustrative embodiment 
in Which the principles of the invention are utiliZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and advantages of 
the present embodiments Will be more apparent from the 
folloWing more particular description thereof, presented in 
conjunction With the folloWing draWings Wherein: 

FIG. 1 depicts a simpli?ed block diagram of a series of 
sequential video frames of a portion of a video clip; 

FIG. 2 depicts the series or sequence of frames of FIG. 1 
With a tWo dimensional slice de?ned across the ?rst frame; 

FIG. 3 depicts a simpli?ed block diagram of a series or 
sequence of frames of FIG. 1 With a vertical spatiotemporal 
slice represented and de?ned by vertical slices Within each 
frame; 

FIG. 4 depicts a simpli?ed block diagram of a tWo 
dimensional spatiotemporal slice representation or image of 
the series 120 of FIGS. 1 and 2; 

FIG. 5 depicts a simpli?ed block diagram of a vertical 
tWo-dimensional spatiotemporal slice representation or 
image of concatenated vertical slices from each frame of the 
series of FIGS. 1 and 3; 

FIG. 6 depicts a pictorial representation of a horizontal 
slice image representation of a graphical video sequence of 
a series of frames, de?ned by the slices extracted from a 
plurality of frames; 

FIG. 7 depicts a pictorial representation of a vertical slice 
image representation of a video sequence of a series of 
frames, de?ned by the slices from a plurality of frames; 

FIG. 8 depicts a simpli?ed block diagram of an extended 
horiZontal tWo-dimensional slice image as generated accord 
ing to some embodiments of the series of frames shoWn in 
FIGS. 1 and 2; 

FIG. 9 depicts a simpli?ed block diagram of an extended 
vertical tWo-dimensional slice image extracted from the 
frame of FIGS. 1 and 3; 

FIG. 10 depicts a pictorial representation of an extended 
horiZontal slice image representation of the same video 
sequence of FIG. 6, With the ?rst slice replaced With a full 
frame; 

FIG. 11 depicts a pictorial representation of an extended 
vertical image representation of the video sequence of FIG. 
7, With the ?rst slice replaced With a full frame; 

FIG. 12 depicts a simpli?ed ?oW diagram of a process, 
according to some embodiments, for use in searching can 
didate data, such as video data; 

FIG. 13 depicts a simpli?ed block diagram of a portion of 
a candidate slice image and a query slice image, Where the 
query slice image provides a sliding WindoW comparison to 
the candidate slice image; 

FIG. 14 depicts a simpli?ed ?oW diagram of a process for 
use in comparing query data and candidate data; 

FIGS. 15A-B shoWs a How diagram for a process of 
comparing static tWo-dimensional query slice images to one 
or more static tWo-dimensional candidate slice images; 
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FIG. 16 depicts a simpli?ed ?oW diagram of a process for 
use in comparing query data and candidate data; 

FIG. 17 depicts a simpli?ed block diagram of a system for 
use in searching video and other similar content; and 

FIG. 18 depicts a simpli?ed block diagram of a system 
according to some embodiments for use in searching video 
data. 

Corresponding reference characters indicate correspond 
ing components throughout the several vieWs of the draW 
ings. Skilled artisans Will appreciate that elements in the 
?gures are illustrated for simplicity and clarity and have not 
necessarily been draWn to scale. For example, the dimen 
sions of some of the elements in the ?gures may be exag 
gerated relative to other elements to help to improve under 
standing of various embodiments of the present invention. 
Also, common but Well-understood elements that are useful 
or necessary in a commercially feasible embodiment are 
often not depicted in order to facilitate a less obstructed vieW 
of these various embodiments of the present invention. 

DETAILED DESCRIPTION 

The present embodiments provide methods and systems 
for use in searching video, multimedia and other image data. 
The embodiments are described beloW With reference to 
video data to simplify the description, hoWever, the present 
embodiments are not limited to video data, but can be 
equally applied to many applications including but not 
limited to searching groups of still images, scene matching 
and searching, controlling recording and/or playback of 
video data (e.g., used With personal video recorder (PVR), 
digital video recorder (DVR) and other such systems to 
implement controls on the system such as skipping ahead or 
back to ?nd beginning and/or end a block of commercials), 
identifying the origin of portions or snippets of video 
(sometimes referred to a ?ngerprinting), coordinating a 
video library, and other such functions and operations as 
Would be understood by one skilled in the art. 

Video data searching can be vieWed in some instances as 
being analogous to key Word searching in text data. The 
searching of video content alloWs users to identify desired 
video content and retrieve, skip, edit, eliminate, and/or 
perform other functions With the identi?ed data. Similarly, 
video searching can be utiliZed to enhance video compres 
sion, digital video disc (DVD) appropriation, commercial 
detection, DVD chapter point creation, retail outlets can 
utiliZe the search to locate video data being sought by a 
customer, and other similar applications. 

The ability to search video data provides many bene?ts. 
The amount of data associated With videos and/or other 
multimedia content, hoWever, often limits the ability to 
accurately search video content, requires large amounts of 
time, and/or can be computationally demanding. Typically, 
With video searching, the amount of data than needs to be 
evaluated is extremely large. For example, under some 
standards (e.g., National Television System(s) Committee 
(NTSC) standard), the video content consist of about 30 
interlaced frames of video for every second, Where each 
frame further consisting, for example, of 480x520 pixels, 
and each pixel can be de?ned by three bytes of data. One 
hour of video data consists, for example With NTSC, of 
107,892 frames, With frame comprising at least about 749 
Kbytes of data. Other video standards (e.g., Phase Altemat 
ing Line (PAL), high-de?nition, and the like) have other data 
criteria, but include similar amounts of data. Therefore, to 
perform a video search of all of the content data is typically 
computationally prohibitive. 
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4 
Many methods and theories have been proposed or devel 

oped to try and provide accurate video searching. These 
methods, hoWever, typically do not adequately solve the 
computationally demanding dilemma, are often inaccurate 
because of attempts to reduce the excessive computational 
processing, and/or have limited applicability. 

For example, some search methods detect image/video 
features (e.g., color features, motion features, or some act 
information, shape of obj ect information, shape information, 
and many other various features), and use the differences 
betWeen features for video comparison. Typically, these 
methods utiliZe larges amounts of computational processing 
to identify the features, because there are so many frames, 
and further computation processing to search video. The 
results obtained through feature comparison are often ?aWed 
and unreliable. Further, simple feature detection is typically 
still computational expensive When the detection is applied 
on all and/or a large percentage of the frames in video. 

Other methods of searching video identify key frames in 
a video clip that are trying to be found, and/or in video data 
being searched. Key frame selection, hoWever, is generally 
very subjective. The identifying of key frames can be based 
on many different criteria, and these criteria are often 
themselves subjective. As such, different reasoning may be 
employed for selecting key frames for similar video clips, 
resulting in different sets of key frames for the similar video 
clips. These different sets of key frames, further results in 
different sets of features and searching results may be 
different for different searching. Additionally, the amount of 
data associated With key frame processing is often still 
computationally expensive because of the numbers of key 
frames needed to better ensure accurate searching. Some 
methods attempt to reduce the computation processing by 
utiliZing the key frames, and further identifying features 
Within the frame (e.g., shapes, background, color feature, 
RGB color). HoWever, the subjective selection of key frames 
can still result in different search results. 
Key frames are often selected by initially performing 

some shot detection to identify different shots and/or tran 
sitions in a video sequence. Shot detection typically de?nes 
shot boundaries through the detection of changes in scenes. 
Once shots are identi?ed the ?rst frame or last frame are 
often selected as the key frame. Other frames, such as a 
frame in the middle might in some instances be selected as 
a key frame. The selection of key frame as indicated above 
is ultimately some What subjective. 

Because of the limited number of frames selected and/or 
because some frames are not selected, the use of key frames 
is inherently a source of error. Further, if too many key 
frames are selected, the searching can still be computation 
ally costly and/or prohibitive. Alternatively, if too feW key 
frames are selected, there may not be enough representative 
information to achieve an accurate search. As a result, When 
a search is conducted With too feW key frames, the search 
may not identify the one occurrence or all of the occurrences 
of the data attempting to be found. Further, key frame 
selection often requires a signi?cant amount of training to 
implement searching. A user must understand hoW key 
frames are selected, hoW to evaluate the criteria and/or 
features to use for selecting the frames, and in some imple 
mentations, an understanding of the algorithms used in 
selecting frames. 
As such, key frame selection is very subjective and often 

alloWs for inconsistent key frames. Further, the use of key 
frames introduces inherent errors because a feW frames are 
used to represent an entire clip and other information is 
inherently missing. If too many key frames are use, infor 
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mation is redundant, resulting excessive data volumes and 
excessive computational processing. 

The present embodiments utilize spatial and temporal 
methods to evaluate query video data, and video data to be 
search (candidate data) to identify Whether the candidate 
data includes the query data. In part, the present embodi 
ments provide for ef?cient and effective video data search 
ing. In some preferred embodiments, spatiotemporal repre 
sentations and/or slice data is utilized (as fully described 
beloW) to measure the similarity and/or dissimilarity of 
video data and/or clips. The methods and systems provided 
through the present embodiments further alloW real time 
video searching due, in many implementations, to the 
reduced computational processing and simpli?ed analysis. 

Video data is typically de?ned by multiple frames of data. 
FIG. 1 depicts a simpli?ed block diagram of a series 120 of 
sequential video frames 122-129 of a portion of a video clip 
(the entire clip is not represented). The frames When dis 
played, for example on a computer monitor, television and 
the like, depict graphical data. As a simpli?ed example, the 
sequence of frames is shoWn With each frame depicting 
consecutive alphabetic characters, A, B, C, . . . H, to 
demonstrate the change in frames. Frames of video data, 
hoWever, typically include much more information than a 
single character, and further, the images associated With 
successive frames often do not include such rapid and 
frequent changes. For simplicity and aid of description, the 
frames 122-129 of FIG. 1 are depicted With the single 
alphabetic character. The data de?ning each frame com 
prises a plurality of pixel data. In some embodiments, the 
pixels are de?ned by color and luminance data, hoWever, 
pixels can be de?ned by other data as is known in the art. 

Each frame 122-129 can be vieWed as tWo dimensional 

(2-D) data Qi, and Y). The sequence of frames represent a 
three dimensional (3-D) volume of data With tWo spatial 
(image) dimensions Qi, Y) and a temporal dimension (t). 
The present embodiments de?ne a representation of the 
three dimensional characterization of the series of frames. In 
some preferred embodiments, a portion of data de?ned by X 
and Y parameters extending across at least a portion of a 
frame is extracted from each frame at the same X and Y 
parameters. The portion of the data extracted from a frame 
can be vieWed as a tWo dimensional slice of data for that 
frame. 

FIG. 2 depicts the series or sequence 120 of frames 
122-129 of FIG. 1 With a tWo dimensional slice 222 de?ned 
across the ?rst frame 122. The slice is de?ned by X and Y 
parameters (e.g., X1, X2, and Y1, Y2) relative to the frame 
122. The third dimension of the representation of the series 
of frames is based on time t, by extending the de?ned slice 
222 over time t to successive frames, thus de?ning a 
spatiotemporal slice or sheet 220 through the series 120 of 
frames 122-129. 

The spatiotemporal slice 220 shoWn in FIG. 2 is a 
horizontal slice consists of horizontal slices 222-229 along 
the X axis Gil, X2) through each frame With Width de?ned 
along the Y axis (Y 1, Y2). The slice 222, hoWever, can be 
substantially any slice across the frames. For example, 
vertical, diagonal, any strait lined slice, curved slices, tri 
angular slices, circular slices, spiral slices, multiple spaced 
apart slices or pieces, and substantially any relevant sliced 
extraction of data can be extracted from the frame data to 
de?ne the spatiotemporal representation. FIG. 3 depicts a 
simpli?ed block diagram of a series or sequence 120 of 
frames 122-129 of FIG. 1 With vertical slices 322-329 
de?ned along the Y axis (Y 1, Y2) With a Width de?ned along 
the X axis (X1, X2). A spatiotemporal vertical slice 320 
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6 
de?ned by extending the vertical slice 322 across each of the 
frames. Further, the size of the slice can depend on the 
amount of data associated With the series of frames, the 
amount of data to be search and other similar factors. 
Typically, relatively small slices are extracted from each 
frame and utilized together Where the changes in the frames 
over the series of frames are used in searching. 
Some preferred embodiments utilize the slice data from a 

plurality of frames and/or every frame and concatenate the 
slice data to de?ne a tWo-dimensional spatiotemporal rep 
resentation or image of the three dimensional series 120. 
FIG. 4 depicts a simpli?ed block diagram of a tWo dimen 
sional spatiotemporal slice representation or image 420 of 
the series 120 of FIGS. 1 and 2. The tWo-dimensional 
spatiotemporal image 420 shoWn in FIG. 4 is de?ned as a 
horizontal spatiotemporal slice representation by concat 
enating the horizontal slices 222-229 extracted from a 
plurality of and/or from each frame 122-129 of FIG. 2. FIG. 
5 depicts a simpli?ed block diagram of a vertical tWo 
dimensional spatiotemporal slice representation or image 
520 of concatenated vertical slices 322-329 from each frame 
122-129 of the series 120 of FIGS. 1 and 3. By concatenat 
ing the slice data into a single image, the three-dimensional 
sequence 120 is represented by a static tWo-dimensional 
image 420, 520. The present embodiments, utilize the gen 
erated tWo-dimensional static slice images in searching 
video content, by reducing the searching to a simpli?ed 
image comparison. In some preferred embodiments, tWo 
dimensional static slice images are generated for both query 
data and candidate date. Thus, the comparison of query to 
candidate data is reduced to image comparisons. 

FIG. 6 depicts a pictorial representation of a horizontal 
slice image representation 620 of a graphical video sequence 
of a series of frames, de?ned by the slices 622-630 extracted 
from a plurality of frames, and typically from each frame of 
the series. As discussed above, the slices 622-630 are 
concatenated to de?ne a tWo-dimensional slice image rep 
resentation 620 of the video sequence. FIG. 7 depicts a 
pictorial representation of a vertical slice image representa 
tion 720 of a video sequence of a series of frames, de?ned 
by the slices 722-732 from each frame. 
The tWo-dimensional spatiotemporal slice images (e.g., 

image 420, 520) are utilized in the present embodiments to 
de?ne spatiotemporal representation of query video data. 
Similarly, in some embodiments, one or more tWo-dimen 
sional spatiotemporal slice images of one or more portions 
of candidate video data to be searched are also generated. By 
representing both the query data and the candidate data by 
tWo-dimensional spatiotemporal images (e.g., horizontal 
slice images), the tWo-dimensional query slice image and 
candidate slice image can be compared. For example, in 
some embodiments, the comparison is implemented through 
image correlation. Based on the comparison results, the 
present embodiments can determine or identify data in the 
candidate image that is similar to and/or matches the query 
image, thus providing a match of video data. The generation 
of tWo-dimensional spatiotemporal slice images of query 
and candidate data alloWs the present embodiments to 
perform a comparison of tWo-dimensional static images, 
drastically simplifying the comparison of query and candi 
date video data. 
The collection or concatenation of slices (e.g., 220) for a 

series of frames contains a relatively large amount of infor 
mation in a relatively small amount of data. In video content 
there is typically motion, for example, an object in the frame 
is moving, the camera is moving, the camera is zooming in 
or out, and other types of motion. This motion results in 
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variations over the slices taken over multiple frames. The 
variations allow for relatively unique tWo dimensional spa 
tiotemporal images to be generated. 

Utilizing the slices of data signi?cantly reduces the 
amount of data and the amount of computational processing 
needed to evaluate the data and/ or compare data. Further, the 
utiliZation of slices as indicated above provides for a dif 
ference betWeen frames that provide relatively unique tWo 
dimensional spatiotemporal images for use in comparing, 
improving the accuracy of comparisons. Still further, the use 
of slices alloWs data to be retrieved from each frame, or in 
some embodiments a multiplicity of frames of a series of 

frames (e.g., every other frame, every nth frame, and the like) 
to be utiliZed avoiding the inherent inaccuracies associated 
With key frames and the use of only relatively feW frames. 
Additionally, the concatenation of the slices into a tWo 
dimensional spatiotemporal image alloWs the comparison of 
a query clip to that of a candidate video to be simpli?ed into 
still image comparisons. Still image comparisons generally 
require much less computational processing than video 
comparison. Therefore, the present embodiments improves 
video comparison accuracy; utiliZe much less data for query 
and candidate data, and thus reducing the amount of pro 
cessing because there is less data; reduces the processing 
because the comparison is simpli?ed, in some preferred 
embodiments, to still image comparisons; achieved a high 
degree of reliability, based in part, on the changes in frames 
over a series of frames; reducing the time needed to search 
data; provides an intuitive process that does not require 
system and/or user training; and provide many other advan 
tageous. 

In some implementations, the tWo-dimensional slice 
image (e.g., image 420) of the query and/or candidate data 
is generated by skipping or removing slices of some frames. 
For example, the tWo-dimensional slice image may be 
generated With a slice from every other frame, or every nth 
frame, or some other pattern. The tWo-dimensional image 
generated through the use of slices from less than all of the 
frames further reduces the amount of data and thus the 
amount of data processing, While still providing a static slice 
image With signi?cant data due, at least in part, to the 
changes betWeen slices. 

In some embodiments, the comparison of query to can 
didate tWo-dimensional slice images is performed through 
an initial coarse or rough comparison, and then through one 
or more precision comparisons. For example, coarse tWo 
dimensional slice query and/or candidate images can be 
initially generated With slices from less than all of the frames 
of a series of frames. An initial comparison is then per 
formed of the coarse tWo-dimensional images providing 
comparison results identifying those portions of the candi 
date data that are at least roughly similar to the coarse query 
slice image. This coarse comparison reduces the amount of 
data and typically reduces the amount of computational 
processing. A coarse threshold can be set to determine 
Whether the coarse query and candidate slice images appear 
to match. Alternatively and/ or additionally, an initial query 
slice and candidate slice images can be generated from slices 
of each frame. These initial slice images can then be adjusted 
to reduce the amount of data associated With each image 
producing coarse slice images. For example, the initial slice 
images can be reduced by extracting only every nth pixel of 
data, or only the luminance data is extracted to generate the 
coarse slice images. These coarse slice images are then 
compared With reduced processing because of the reduced 
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8 
data. Matches in the coarse comparison can be deemed a 
match betWeen query and candidate data in some imple 
mentations. 

In other implementations, once coarse matches are iden 
ti?ed in the coarse comparison results, detailed tWo-dimen 
sional spatiotemporal query and/or candidate slice images 
(e.g., such as the initial, full slice images) can be utiliZed 
and/or generated for those areas that appear to be a coarse 
match. A subsequent comparison of the detailed query and 
candidate images is then performed to more accurately 
determine Whether the candidate image contains data that 
matches the query image. In some embodiments, a differ 
ence is determined betWeen at least a portion of the query 
image and at least a portion of the candidate image. A 
detailed threshold can be established as a measure of the 
differences betWeen the images. For example, When the 
difference betWeen images is less than the detailed threshold, 
the images are designated as a match. 
The query data is identi?ed in the candidate data by 

searching the candidate image slice for the query slice 
image. The searching of the candidate data is achieved 
through substantially any relevant search methods and/or 
algorithms, such as bisectional search method and other 
relevant search methods. 

In some embodiments, additional accuracy and/or image 
distinctions are achieved by generating tWo-dimensional 
extended slice images of the query data and at least a portion 
of the candidate data. An extended slice image is generated, 
in some implementations, by incorporating one or more 
frames into a tWo-dimensional spatiotemporal slice image. 
For example, in some embodiments, data associated With an 
initial frame of a series of frames (e.g., frame 122 of FIGS. 
1 and 2) is cooperated With a spatiotemporal slice 220 of at 
least a portion of the remaining frames of the series. 

FIG. 8 depicts a simpli?ed block diagram of an extended 
horiZontal tWo-dimensional slice image 820 as generated 
according to some embodiments of the series 120 of frames 
122-129 shoWn in FIGS. 1 and 2. In generating the extended 
slice image 820 of FIG. 8, the data of the entire initial frame 
122 is concatenated With the image slices 223-229 from the 
subsequent frames 123-129. As a result, the extended tWo 
dimensional slice image 820 provides added detail and 
distinctions to the slice image 820 to provide an enhanced 
and/or more accurate comparison to the candidate data being 
searched and/or compared. Because of the additional detail 
of the entire frame 122, a more precise match can be 
achieved in verifying a search has located a match. 

FIG. 9 depicts a simpli?ed block diagram of an extended 
vertical tWo-dimensional slice image 920. Data of an initial 
frame, for example frame 122 of FIGS. 1 and 3, is concat 
enated With vertical slices 323-329 from subsequent frames 
123-129 to generate the vertical extended slice image 920. 
FIG. 10 depicts a pictorial representation of an extended 
horiZontal slice image representation 1020 of the same video 
sequence of FIG. 6, With the ?rst slice 622 of FIG. 6 replaced 
With a full frame 1022 from Which slice 622 Was extracted. 
Similarly, FIG. 11 depicts a pictorial representation of an 
extended vertical image representation 1120 of the video 
sequence of FIG. 7, With the ?rst slice 722 of FIG. 7 replaced 
With a full frame 1122 from Which slice 722 Was extracted. 
The extended images of FIGS. 8-11 are shoWn With a full 

frame (e.g., frame 122) folloWed by slices from subsequent 
frames. Other con?gurations of extended slice images are 
utiliZed in some embodiments. For example, in some imple 
mentations, a series of slices are concatenated With a ?nal 
full frame appended. In some implementations, a full frame 
is selected Within a series of frame such that slices precede 




















